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27
Despite this, the market for MGTs is still modest; research is therefore being conducted to make them more 28 appealing through application of concepts such as trigeneration [7, 8, 9] , inlet air cooling [9, 10, 11] , biogas use 29 [12, 13] or combinations thereof [14] . Some authors have also studied the possibility of enhancing performances 30 by adding a bottoming organic Rankine cycle to recover the thermal power of exhaust gases [15, 16] .
31
The majority of the relevant works on MGT cogeneration units report operation and emissions data at nominal 32 load in ISO conditions [17] . Most of these data are taken directly from the manufacturer's documentation,
33
whereas few studies have assessed non-nominal and/or partial load conditions. 
78
An electrically driven bypass valve fitted along the RHE inlet manifold can divert some of the exhaust gases to 79 the chimney, to regulate the thermal power recovered.
80
The MGT performance data as supplied by the manufacturer are summarized in Table 1 .
In practice, demand is represented by user-set values of electrical power and fluid temperature at the RHE outlet,
82
and by selection of the operating mode (electrical or thermal priority).
83
In the electrical priority mode the MGT produces the electrical power required by the user and the fluid 84 temperature is kept at the set-point through regulation of bypass valve opening.
85
In the thermal priority mode the bypass valve is completely closed and all the exhausts pass through the RHE to 86 produce thermal power. The temperature of the hot fluid is kept at its set-point by variations in the amount of 87 electricity produced; the user-selected electrical power value is the threshold. 
96
The test-bed consists of four main subsystems: the natural gas feeding plant, the inlet and extraction manifold,
97
the grid connection interface, and the hydraulic system for thermal power dissipation.
98
The main components of the natural gas feeding plant are a valve that reduces the grid pressure to the required 99 turbine inlet value and a fuel flow meter measuring the natural gas mass flow rate.
100
The inlet and extraction manifold consists of three ducts and a centrifugal extractor fan. One duct provides inlet 101 air that serves both as a working fluid in the turbo compressor and as a coolant for the auxiliary system; the other 102 two ducts collect cooling air from the turbine enclosure and the exhausts at the RHE outlet. All ducts are fitted 103 with thermocouples; a gas analyzer for emission control is installed in the exhaust gas duct.
104
The grid connection interface manages the parallel connection with the grid and measures the electrical power 105 produced. Its main components are a safety switch, to disconnect the turbine from the grid in case of emergency,
106
and a grid analyzer to measure electrical parameters and power production.
107
The hydraulic system for thermal power dissipation is the most complex part of the test-bed. It consists of two 108 separate circuits thermally interconnected by a plate heat exchanger. The primary circuit contains the water 109 circulating through the turbine RHE, while the secondary circuit contains a water-glycol mixture that discharges 110 the heat to the outside air by circulating through an air cooler.
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The water circuit is provided with a volumetric flow meter and with two Pt100 temperature sensors at the RHE 112 inlet and outlet.
113
Valves V1 and V2 in the water circuit allow flow rate regulation through the RHE. V1 is only manually 114 operated, whereas V2-which keeps the water temperature at the RHE outlet at its set-point-can also be 115 controlled remotely by a PID.
116
The pneumatic mixing valve V3, installed in the secondary circuit to keep the water temperature at the RHE inlet 117 at its set-point, is automatically driven by a PID controller.
118
All measurement instruments and control signals are managed by means of a PLC connected to a PC.
119
The measurement devices installed and their accuracy are listed in Table 2 . 
131
These data, reported in section 4.1, were used to draw up a performance chart of the cogeneration unit in the 40-132 100 kW electrical power range.
133
Since the MGT can be fed water at non-nominal conditions, depending on user requirements, additional tests 
167
The total efficiency data are also reported in figure 3 with the electrical efficiency data. For each working point, 168 thermal efficiency is the difference between total and electrical efficiency.
169
The average electrical efficiency is 28.5 % at maximum load, peaking at about 29.5 % for a net electrical power 
242
The main performance parameters of the cogenerator are first reported on a single chart drawn up for the 243 nominal thermal conditions; the emissions data are reported as tables.
244
Some working points at non-nominal conditions are then analyzed, both to highlight the test-bed capabilities and 245 to provide insights into and information on the MGT working modes.
246
Analysis of different electrical power settings between 40 and 100 kW yielded a maximum electrical efficiency 247 of ~ 29.5% at 80 kW and a minimum of ~ 23.5% at 40 kW.
248
As regards pollutants, NO X concentrations were very low in all working conditions, while CO concentrations 249 were low at high-medium power and rose steeply at lower loads.
250
The tests showed heat priority operation to be the most efficient mode, as reflected both in total efficiency and in
251
PES index values, and cogeneration with electrical priority to be the least efficient mode, due to bypass valve 
RESEARCH HIGHLIGHTS:
• The test-bed allowed analyzing the MGT in nearly all cogenerative conditions.
• Electrical efficiency reached ~ 29 % in the 80-100 kW range.
• The maximum thermal power recovered was ~160 kW (thermal efficiency ~44 %).
• Heat priority guaranteed the highest total efficiency (~74 %) and PES (~ 0.23).
• NO x were < 6 ppmv, CO were ~10 ppmv at nominal load and increased at low power. 
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